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PopulationandAgricultural DevelopmentModels:
The Promiseof theThird Generation
PAN A YOTOPOULOS*
The flrst- and second-generationeconomic-demographicmodelsconcentrated
on the consequencesof populationgrowth.Thesewerejudgednegativein the
former,or possiblyhavingsomepositiveKuznetsianeffectsin the latter.The
proposedthird-generationmodel examinesconjointly both consequencesand
determinantsof populationgrowth,andanalyzesthemat thelevelof theagricul-
tural household.In sucha modelthe effectsof populationgrowthon agricultural
developmentcannotbe determineda priori but becomethesubjectof empirical
investigation.
Greatreverenceis dueto theRev.Malthusbythepractitionersof theartof
development-demographicmodelling(henceforthD-Dmodelling).Hecertainlydid
notearnthisplacefor thevulgarizedviewsattributedtohim,viz.thatpopulation
growthischeckedby limitedfoodsupplies.In factMalthuswasthefirstD-Dmodel-
lerin thesystems-simulationse seof theterm.Moreover,heis stillunsurpassedin
the sensethathis system,whichtiestogetherindividual,familyandaggregate
economicanddemographicchange,hasyetto becapturedby theexistingformal
D-Dmodelsof thefirstandsecondgenerations.It remainsinsteadachallengefor
thethird-generationD-Dmodelswhicharenowbeingconceptualized.
Theprimaryfunctionof aD-Dmodelis tosignal(andhopefullymeasure)the
indirecteffectsof c~angesin thesocial,economicanddemographicenvironment.
No D-D modelis neededwhereonlydirecteffectsareinvolved-inordertomake
projectionsof populationanditsageandsexdistributions,orinordertoconstructa
developmentplanandexploreits implicationsfor thelevelsof percapitaincome.
The usefulnessof D-D modellingariseswhenpolicy-makersareinterestedin the
interactionsandthespillovereffectsof thepolicycontrolvariablestheycommand.
To whatextentmaythepoliciesintendedtoincreaseagriculturalproductivityaffect
demographicvariables,uchasfamilysizeandits structure,populationgrowthor
rural-urbanmigration?In whichwaysmayfamilyplanningexpendituresaffecteco-
nomicvariables,uchasthelevelof education,familyincomeanditsdistribution,
andtheiraggregates?I socialmobilitylikelyto interactwith fertility,andif so
whichistheprecisemechanism-education,ncome,employment?
*The authoris a Professorin theFood ResearchInstitute,StanfordUniversity,Stanford,
California(USA). He is indebtedto DudleyKirk for his commentson anearlierversionof this
paper.
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THE EARLY AND LATTER-DAY MALTHUS
Malthuswasespeciallyinterestedin the interactions-aspectof D-D model-
ling,or, in themodemparlance,in theconsequencesthatgo frompopulationto
developmentandthe determinatswhichmaketheconnectionfromdevelopment
to population.The modelwasfully developedsequentiallythrou~theseveral
editionsof theEssayonPopulation,andespeciallybetweenthefirst[15]andthe
second[12].
Theemphasisn thefirsteditionof theEssayisontheconsequencesofpopu-
lationgrowth. The formulationof theargumentis ratherelliptic;stillit adum-
bratesthedevelopmentof thefullmodeltocomelater.Thesequenceisinexorable:
thepostulated"fixity of passion"leadsto anintrinsictendencyof populationto
increase.Theensuingpressureonlimitedlandresultsin lowerlabourproductivity
forcingconsumptionbelowthesubsistencepoint. Themainchecksto population
are"positive"whichincludewar,disease,hunger,and
... Thevicesof mankind[which]areactiveandableministersof depopulation.They
aret4eprecursorsin thegreatarmyof destruction;andoftenfmishthedreadfulwork
themselves.But shouldtheyfailin thiswarof extermination,sicklyseasons,epidemics,
pestilenceandplagueadvllJlcein terrificarray,andsweepoff theirthousandsandten
thousands.Shouldsuccessbestillincomplete;[sic]giganticnevitablefaminestalksinthe
rear,andwith onemightyblow,levelsthepopulationwiththefoodof theworld.
[IS; pp. 139-140]
Thereexisttwotemporaryreliefvalvesin thefirstedition.First,increasesin
landareadueto colonization,or landimprovementsthroughtheaccumulationof
capital,cantemporarilypreventheerosionof thelevelsof living.Thisis a pre-
viewof theRicardianprincipleof diminishingreturns(andof Malthus'slaterforay
[13]intorent),completewiththeafterthoughtsofRicardoontechnologicalchange
andcapitaldeepening.The secondreliefmechanismis the"preventive"check,
whichis abstinencefromsexualrelations,accomplishedeitherby delayof mar-
riageorby continencewithinmarriage.Thesetwoexceptions,however,didnotdo
muchto allaytheportrayalof Malthusasaprophetofdoom.Theformeroperated
onfoodsuppliesbasednotonthebountybutonthemeannessofnature.Thelatter
operatedonpopulationthrough umandeprivationbythestrongassumptionthatit
couldneverbeactivatedwithoutthethreatof misery.Thereinlietheoriginsof the
dilemma s seenby theearly-dayMalthus:betterlivingconditionsleadto rapid
populationincreaseswhichoutstripthefoodsuppliesuntileitherthepositiveorthe
preventivecheckcomesintooperationandanequilibriumpopulationisrestored.
A carefulreadingof thesecondeditionof theEssay[12]andof Malthus's
laterworks[14] on populationmakesthedilemmamoreapparentthanreal. The
emphasisi shiftedonthepreventivechecks,morespecificallythe"moralrestraint"
thatdeterminesthe"prolificnessofmarriages"andthe"earlinessofmarriages".
...
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. . . The effectsof this checkon man aremorecomplicated.Impelledto theincrease
of hisspeciesbyanequallypowerfulinstinct,reasoninterruptshiscareer,andaskshim
whetherhemaynotbringbeingsintotheworldforwhomhecannotprovidethemeansofsupport.[12,p.6]
. . . The preventivecheck,asfar asit is voluntary,is peculiarto man,andarisesfromthe
distinctivesuperioritYin his reasoningfacultieswhich enableshim to calculatedistantconsequences.[12,p. 12]
This maysoundlike "reason"overridingthe"passionbetweenthesexes",
thatwaspostulatedearlier,whichwouldjettisonthe naturalaw of increasein
population.Its replacementby the "tendencyof thelowerclassesto reproduce
toomuch"savestheday.Thepreventivecheckisconsideredmoreimportantforthe
"culturedclasses",asopposedto the "labouringclasses",for "civilizedlife", as
opposedto "savagelife", for "ModemEurope",asopposedto "theancientimes
andtheuncultivatedpartsof theworld". Thetheoryof thedemographictransition
is thusanticipated.Andtheliteratureonthesocioeconomicdeterminantsofpopu-
lationgrowthis launched,completewiththeimportanceofeducation,thestatusof
women,andthe "socialcapillaritythesis"andrepletewith policymeasuresfor
curbingthereproductivet ndency.
TheearlierMalthusis wellknownasthedoomsayerofpublicistfame.Hewas
a politicalpamphleteerwhobeganthewholeexerciseof theEssayonPopulation
[15]asanattackonthepoorlawsof theday. Hisargumentwasusedthroughout
thenineteenthcenturyto demonstratehefutilityof everymajorreformin the
socioeconomicfield. Hewassosuccessfulin thisrolethatthelatterMalthus[12]
withthestreakofsocialreformerhasgonealmostentirelyunnoticed.1
AnotherinsightfromMalthus'sworkwhichhasnotbeenfullyappreciatedis
theimportanceof thefamilyunit. In Malthus'sD-Dmodelling,aggregateeconomic
anddemographicchangesaretiedtogetheratthefamilylevel.Improvementineco-
nomicconditionsleadsto theformulationof familiesatanincreasedrate.Absti-
nenceis associatedwiththedelayofmarriage.Thelowerclasseshavehigherfertility
withinmarriage.A themeof thispaperis thatthefamilyelementwhichMalthus
introducedwill.comeintofocuswiththethirdgenerationofD-Dmodels.
FIRST- AND SECOND-GENERATIOND-D MODELS
SinceMalthustheartof D-Dmodellinghasflourished.Theearlymodelswere
informal,butstartingin thelate19508a largenumberof formalsimulationmodels
havebecomeavailable.Thereis noneedto reviewheretheconsiderableliterature
lFor a welcomexception,to whichthispaperowesmultipledebts,seeBirdsall,Fei,
Kuznets,RanisandSchultz[2].Coale[6] considersMalthus's"moralrestraint"(of theUpper
classes)tantamountto thecontemporaryspreadof birthcontrol.This,alongwiththeimpor-
tanceof thedelayinmarriagewhichCoale'studiesofEuropeanhistoryemphasize,placesagain
thespotlightonthemoresubtleMalthusiandeterminantsofpopulationgrowth.
122 PanA. Yotopoulos
PopulationandAgriculturalDevelopmentModels 123
sincethattaskhasbeenablyperfonnedbyothers?A fewcommentsonwhatisthe
nonnin suchmodellingandwheretheexceptionslie willbesufficienttointroduce
thediscussionof thetaskleftto thethird-generationmodels.
The first-generationD-D modelsdrawon theearlyMalthusandfocusexclu-
sivelyontheconsequencesof populationgrowth.As a ruletheyshareMalthus's
pessimismandtheyassessnegativelytheconsequencesof populationgrowth.The
analyticalapparatusfor reachingthisconclusionis relativelysimplewithtwobasic
alternatives.A Harrod-Domartypeofproductionhmctionmakesthe'rateofoutput
growtha functionof the rateof savingsandinvestment.Populationgrowthis
assumedtodecreasetherateofsavingsandinvestment,eitherabsolutelyorrelatively
by shiftingresourcesinto"populationinvestment"(e.g.schools,hospitals)thathas
longergestationperiods.This leadsto lowerratesof growthandthereforeto a
racebetweenoutputgenerationandpopulationgrowth. Alternatively,onecan
specifyageneralproductionfunctionin land,labourandcapital,giventhelevelof
technology,whichishomogeneousofdegreeone.In thiscaseoutputperworkercan
beexpressedasamonotonicallyincreasingfunctionofcapitalperworker.Increasing
therateof growthof employmentrelativeto therateofgrowthof thecapitalstock
decreasestheamountof capitalperworker.Thisdecreasesoutputperworkercom-
paredto whatit wouldhaveotherwisebeen.Theimplicitassumptionisthattherate
of growthofcapitalstockandof thestockofland(andtechnology)areindependent
of therateof growthof employment.Thisassumptionwastobedroppedwiththe
second-generationD-Dmodels.Moregenerally,thesecondgenerationrecognizesthat
althoughthe consequencesof populationgrowthmaybe negative,theycannot
besoexhypothesi.Societieshavebuilt-inbrakesandshockabsorberswhicharrest
thespeedandcushionthefall. Butonemustsearchinsidethemachinery,througha
numberof intricateparts,in orderto discoverthoseinstruments.Theycannotbe
observedby simplylookingattheexternalconfigurationof thesocialvehicle.The
second-generationmodels,asa result,examinemorecloselytheindirecteffectsand
the interactionsthatgo from thechangein incomeandproductivitybackonto
populationgrowthanddistribution.
. By lookinginto the feedbackeffectsthe second-generationmodelshave
incorporatedcertainof thecharacteristicsthatcanbecometheunderpinningsof
Kuzentsianmodemeconomicgrowth,i.e.of sustainedpopulationgrowthwithout
loweringthelevelof income.Amongthesecharacteristicsthatmayoffsettheini-
tiallydampeningeffectof populationgrowthare:(i) thestimulusthatpopulation
2AmongtherecentreviewersFaruqee(in [13])providesadiscussiona dasummarytable
of 13formalsimulationD-Dmodelscontrastingtheirvariouscharacteristics.Sanderson[17Jhas
presentedadetailedevaluationof fiveformalmodelswhichhaveaseparatespecificationfthe
agriculturalsector(BACHUE,TEMPOII, FAO, Simon,Keney-Williamson-Cheetham).The
criterionis thetechnicaldequacyof theequationstructureof themodel,i.e.meaningfulness,
plausibilityandcorrectness.Finally,RobinsonandSchutjer[16], in discussingagricultural
surplus,presenta reviewof certaininformalD-Dmodelsthatdealwithagricultureandespe-
ciallyofRanis-FeiandBoserup.
growthprovidesto demand;(ii) theincreasein marketsizewith theattendant
economiesof scale;(iii) theimprovementof thelabourforceby providingbetter-
trainedworkers;3and(iv)theencouragementof technologicalchange,especiallyin
agriculture.In connectionwithagriculturaltechnology,Boserup[4] "standsMal.
thusonhishead"by suggestingthatit is notpopulationthatadaptsto thelimited
quantitiesof land It is insteadagriculturaltechnologyandlanduse(aswellas
off-fannemploymentopportunities)thatadapto theexistingagriculturalpopula-
tion. Sheseestheshiftsfromprimitive,slash-bum,agricultureto short-fallow
rotationandultimatelyto settled,annualcultivationas responsesof societyto
populationpressure.
THE THlRD-GENERATION-IN-BEINGD-D MODELS
Goingfromdemographyto development,i.e.studyingtheconsequencesof
populationgrowth,is onlyoneloopin D-Dmodelling.Thesecondrepresentshe
determinantsof populationgrowth,i.e. goingfromdevelopmentto population.
Malthusincorporatedit in hisinfonnalD-D modelby postulatingthe"ftxityof
passion"(earlyversion)or thepropensityof lowerclassesto over-reproduce(later
version).Closingthisloop remainsthetaskthatwill behopefullytackledin the
third-generationD-Dmodels.
Theliteratureon thedeterminantsof populationgrowthhasalsobeenaptly
summarizedto makeits repetitionhereredundant[3;19]. A briefdescriptionof
theimportantlinkswill helpexplainthefailuresofarto incorporatethedetermi-
nantsintoD-Dmodellingandmayhelpin circumscribingthetaskleft to thethird-
generationmodels.
Theimpactof developmentonpopulationwasfirstfonnalizedin thestudyof
the demographictransition.The literatureby nowhadidentifieda largesetof
intermediatevariableswhichhaveanimpactonthefertilitybehaviourof thehouse-
hold. Theycanbeclassifiedasphysiologicalfactors,healthandnutritionfactors,
culturalfactors,institutionsandtastesandsocio-economicfactors.Nextthereisthe
scientificblackboxwhichrefersto theexplanationof changesin attitudesand
motivationstowardsthefamilyanditssize.In contrastto theintennediatevariables
whichreferto theobservableworld,attitudesandmotivationsarelargelyunobserv.
ablephenomena.In theprocessofscientificexplanationtheycontributegristothe
mill throughwhichtheobserVed"facts"areputinordertogrindoutpredictionsfor
thefuture.Thepredictionsin thisspecificaserefertothefertilityrate.
The formulationof thedeterminantsof fertilitysofaris notcongruentwith
themodellingof theconsequencessidediscussedabove.First,theconsequences
referto the impactof populationgrowth-ratherthanfertility-ondevelopment.
Consistencycanberestoredby enteringtwonewparameters,themortalityrate(or
3Leibenstein[11J especiallyhasemphasizedthiseffect.
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life expectancyin general)andtheagestructureof thepopulation.Boththese
parametersareto acertainextentexogenouslydetenninedfromthepreviousdemo-
graphichistoryof thepopulation.Fertilityrate,mortalityrateandtheagedistri-
butionof thepopulationdetenninetogetherthebirthrateandthroughthattherate
of increaseinpopulationwhichfeedsintothedevelopmentblock.
The secondinconsistencybetweenthe detenninantsandthe consequences
sidesarisesfromthefactthattheintermediatevariablesandtheanalys!sofmotiva-
tionreferto familiesin theirbroadestsensewhiletheconsequencessideis in terms
. of aggregatepopulationsor theirsubsets.Thisproblem.canbehandledbyanalyzing
theconsequencesof populationgrowthatthefamilylevel.It is thisinsightof the
latter-versionMalthus-thelinkingof thedemographicattributesof thefamilyto
thedevelopmentprocess-thatconstitutesthemissinglink forcompleteD-Dmodel-
ling.
Economictheoryhasuntil recentlyoverlookedtheanalyticalimportanceof
thefamily.4Yet thefamilyisthenexusof threeimportantdecisions,demographic,
productionandconsumption,whichconstitutethethreecomponentsofbehavioural
analysis.Thefamilyis thelocusof themajordemographicdecisions-tomarry,to
haveanotherchild,tomigrate,to takein a relative,toencouragetheagedkintore-
main,to provide ducation.Thesedecisionsarereflectedin theagestructureof the
family,its sizeandits type-nuclear,consanguineous,stem,joint andsoon. The
family'sinstitutionalspecificationhasimportanteconomiconnotations.
In amarketeconomymostof theproductiondecisionstakeplaceoutsidethe
household,in thebusinessfirm. Exceptionis a goodportionof agriculturalpro-
ductionthattakesplaceat thefamilyfarm-firm.Theconventionaleconomicac-
countingsystemhasfocusedon marketproductionandhasoverlookedanother
importantcomponentof productionthat is carriedwithinthehousehold.This
includesubsistenceproductionactivitiesandmaintenances rvices,uchascooking,
cleaning,fuelgathering,medicalservices,careof theelderlyandchildcare.
Finallythefamilyis theunitwherethehouseholdbudgetis administeredand
the consumptiondecisionstakeplace. It is responsiblefor the distributionof
leisureamongfamilymembers,for thedistributionof nutrition,andalsofor the
compositionof familyexpenditureamongdifferentcommodities.
GeneralD-Dmodellingrequiresthattheconventionaleconomicframeworkis
broadenedtoaccommodatethehousehold.Thiscanbedonein twosteps.First,the
demographicbehaviourof thehouseholdhastobecomeanintegralpartofeconomic
analysis.Second,theeconomicbehaviourof thehouseholdhastoberedefinedtoin-
cludebothmarketandon-marketactivities.Thiscallsfor datacollection'onthe
basisof the"full expenditure-income"system.Scatteredataon thethreecom-
ponentsof familybehaviourexistto avaryingdegreefor differentcountries.The
4Thesame,happDy,cannotbesaidfor thesociologists'approachto demography.For
example,seeFreedom[9J.
h
..
PopulationandAgriculturalDevelopmentModels 125
problemis thatsuchdata,havingbeencollectedfor differentpurposes,cannotbe
mappedconsistentlyinto householdsor groupsof households.Birdsalletai. [2J
haveproposedanaccountingsystemthatcanbeimplementeduniformlyforcollect-
ingdataatthefamilyunitforageneralizedconomic-demographicanalysis.
THE FAO THIRD-GENERATION D-D MODELUNG PROJECT
ProjectINT/76/PI8of theFoodandAgricultureOrganizationwhichisfunded
by UNFPAanddirectedbytheauthorhascollectedatafromthePhilippines(andis
in theprocessof surveyingalsotwoothercountries)in orderto buildaD-Dmodel
thatincludesbothdetenninantsandconsequencesofpopulationgrowth.Themodel
hasbeendescribedelsewhere[18J . Certaincrucialcharacteristicsandthe general
researchstrategywillbementionedhere.
Theprojectsurveystheagriculturalhouseholdbecausethere,parexcellence,
coincidethedemographic,productionandconsumptiondecisions.Moreover,since
agriculturalhouseholdsin developingcountriesareresponsiblefor three-quartersof
theworld'sannualpopulationincrease,modellingthefarmhouseholdcanyieldim-
portantinsightsintothedetenninantsandconsequencesofpopulationgrowth.The
datacollectionconsistsof carryingoutthreesurveysateachhousehold:ahousehold
compositionanddemographicsurvey,withfertilityquestionnairesfor allwomenin
the householdwho areof reproductiveage;a farmmanagementsurvey;anda
consumption-expenditures vey.
Theanalysisof thedatacombinestheuseofdemographicandeconomictools.
Firstthedemographicanalysisi carriedoutfordifferentgroupsofhouseholds(e.g.
owners,tenants,povertygroup,etc.) with the purposeof constructingmodel
(marital)fertilityandnuptialityschedules[5; 7; 8J. Thedeviationsof individual
householdsfromthemodelschedulesareinterpretedasdetenninisticandareattrib-
uted,throughanalysis-of-variancetechniques,tospecificintermediatevariablesthat
arehouseholdattributes.Secondly,thegroupsofhouseholdsidentifiedin thedemo-
graphicanalysisashavingdifferentfertilitybehaviourarealsoanalyzedin aninte-
gratedframeworkofconsumptionandproductionbehaviour[1OJ. Bytheuseof the
profitfunctionandthelinearexpendituresystemtheeconomicbehaviourof the
householdbecomesafunctionofexogenousvariablessuchaspricesandfIXedfactors
of production.Theestimatedparametersof theproductionandconsumptionfunc-
tionscanbeusedto indicatewhetherhouseholdswithdifferentdemographicbehav-
iour havealsodifferencesin theireconomicbehaviourandto whatextentthe
demographiccharacteristicsof thehouseholdaffectthehousehold'slevelof full
expenditure-incomeanditsdistribution.
Severalvariantsof thisanalysiscanbepursuedwiththedatacollected.The
importantfeatureremainsthatthe basicframeworkdevelopedservesto analyze
jointly thedemographic,productionandconsumptiondecisionsof thehousehold.
In thismannertheloopis closedin thestudyof thedeterminantsandconsequences
of populationgrowth.As a resulthetwo-wayinteractionsinD-Dmodellingcanbe
studiedinageneralsystem.
~--
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CONCLUDINGJU;MARKS
Themainfeatureof thethird-generationD-Dmodellingoutlinedin thispaper
istheintegratedanalysisof thedemographic,productionandconsumptionbehaviour
of thehousehold.Thedemographicliteraturehasprovidedthetoolsfor analyzing
(marital)fertilityandnuptialitywithindistinctsocioeconomicgroups.The"new
economicsof thehousehold"[1] haspavedthewayfor analyzingproductionand
consumptionbehaviourat thehouseholdlevel,especiallybymakingoperationalthe
conceptof the"full expenditure-income".Thelackof consistentstatisticaldatais
remaininganobstaclefor integratingeconomic-demographicbehaviouratthehouse-
holdlevel. Traditionallytheunitfor datacollectionis eithertheindividualor the
aggregate(r gion,country),andfamilybehaviour,asaresult,hasnotbeenexamined
inanintegratedsystem.
Theagriculturalhouehold,asa rule,is characterizedby asimultaneoustriple-
decision-makingprocessthatdeterminesthesizeof thefamily,theproductionfunc-
tionandtheconsumptionfunction.Thecollectionof family-farmdataonfamily
history,farmmanagementandincomeandexpenditurewillprovidethestatisticalin-
formationfor anintegratedanalysisof thedeterminantsandconsequencesofpopu-
lationgrowthasspecifiedatthefamilylevel.Thisisindeedthelevelwherepopula-
tiongrowthoccurs.
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